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(57) Abstract: A semiconductor device 
exhibiting excellent crystallinity and 
good electrical characteristics and having 
a ZnO thin film exhibiting excellent 
surface smoothness, fabricated by 
forming ZnO based thin films (an n-type 
contact layer (6), an n-type clad layer 
(7), an active layer (8), a p-type lad 
layer (9), and a p-type contact layer (10)) 
principally comprising ZnO sequentially 
on the zinc polarity face (la) of an ZnO 
substrate (1) by ECR sputtering, or the 
like, forming a transparent electrode 
(3) and a p-side electrode (4) on the 
surface of the p-type contact layer (10) 
by vacuum evaporation, or the like, and 
forming an n-side electrode (5) on the 
oxygen polarity face (lb) of the ZnO 
substrate (1). 



(57) £»: *iB¥if 14(cffttfc 

O 1 a±l:ZnO$±ffi»it4Zn05S»I (n^H>^^ h(S6, n ^ v KB 7 . S14JS 8 . pfl££^h 
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10 1 1— VI jKfls^«B^«ft:a)-a-eft<Sifi4b£tt (zno) it. Mgo^cdolftrois 

15 tZZX. ZnOIWJ^fiSKDgiijl (A^) **LTfey. f QSlC^t^a 
ZnOlt (a) IC^f* 5 Z n 1 |C$S£LT^<5 3#<D 

*H± (+c«i14) ts 19@ (b) |C3F-t<fc ? IC, Z nJI^S 1 |C$S^L.-C1^3*<D$S 

•f-L"C N fi£3feJ:y, PMBE (plasma-assisted molecular-beam epitaxy ; 
^X^TS/Xhfl^Hlxfcr**^) ^icfcy. -9-7T^T*s±ic^sai±^-r-5>z 
25 n onm&tftm-tZ Z.£OX%%> Z. t tfWtlzm&ZtlX U<S> (APPLIED physics letters 
Vol. 80 No. 8 pp.1358 - 1360 (2002) ; KIT. ^ 1 ©tfcjfegfcffij £lN"5)<> 

icj: yfrisG a N±icffi^@t4xf*^sait^w-r*z n omm$j&mir2>z.t<DX ! gz 

Zi*«#**iT^* (APPLIED PHYSICS LETTERS Vol. 77 No. 22 pp. 3571 - 3573 (2000) ; 
30 J2TT\ rsg2(0ft5fcj£1iffj <bl>5)„ 

zztoxtz&ffitfmzmnztix^z (&m2o 01-14432 ; wt, 

r*3 0>«fe*a»j £i*5)o 
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m&3<Dm%i&.ffiX'&. &m<j>mmizi&cx+w (statu*) xi*-® mmmm £ 

%> Z. t \z J; y . «lSutl:U&J$£*i£ Z n O^0>I±«Ma)^14^J® LT l^&o 
5 WMWMM^ * (Coax i a I I mpact Co 1 1 i s i on I on Scatter i ng Spectroscopy ; 

ca i c i ss> iz&<>mmm&& : £i- ; bzttimwz*ix^z>tf. i^sznoiii: 

a N(D*gJS£7CfirCfe<&G a *><Z n O^I^Urr £ J*#fc&<> 

-eL-Cs G a liZ n OI^L Kt~t Ut W^fcfe, 6aA<Zn OfI4>l:W 
5£ZnO*M£&tftfl;-r£o 

20 /^5y4r<D£C<SJS#fc<So 

$P>IC _tlBfg 2CD&3fe&flS«\ G a N t Z n O fC}S ; FTi^mt§fc«)> Wfr 

*m-&i~mm LfctsateroiHb* ts*-r y . fg$ii4fc@*ifcRjrM©a»J5:msi!t# 
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10 fCo 

t l-ci^^o z n o*aa>ffi»attB5±i=»'fifc**ifcz n o^m^sttatt 

15 l*X-f t»^>^*W*Ut^4Cfc twit Ut^*. 

•Hewlett. «rei*iiH**»ttfr&&y. R*a*i*a*«**MtLw*«>-e, 
20 jsttn k^ms* $ nf=^-e & o -c t sBmtttfstefcf & a) £ fflfti-r * c t ^-e ^ . C*l 

25 aaic»*zt36tTf*«. 

05aiB3^ffi«BattiBX(*lft»attiii©i^i**i"efc** x * ! W»l U KMtt^^ja^fT * 
4>fc< 1 JilU±(DJ»tt*lttEaE»attiiiiK»flfc"*'*^t*«a^ U ^fcMIB^M 

30 ±etttt*ai:i «k*u*\ iwkiEia»aa)3Ettattiii±(=aajaoit*icBraa> znog 
•r^^*., z n o»«a)*B36«ffi»attaixtt»*attffia>i>-r*t-if 
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< % ^ittim we^va, «*muMMB»* u-*a*«xe* 

LI*. 

f&2lHI*. ZnOfl!>attWt**'*"ia"efc*. 

Lfcras-efeSo 

sb 5 mi*. *nmi~m*>*®&T'U 2 <D^a>»M*w»BiBi"c*«. 

fg 6 HI*. *fSWI=«**»f*T/<-f x©m 3 a>Mft<D»»***«iBH-C** 

fg 7 Hi*, z n oafe«a>3Ei&attiiiiw»rt**tfc z n o5WKa>aiii»«**'*-IB«W 

m 8 HI*. Z n 0&«©»*«ttiEfc»l** 3 h'fc Z n O W»0>aiB«M**»-*-«««¥ 

sg9Hi*. znoa>tsaaufi*«t"ia*e*4« 
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^^^—^r (Light Emitting Diode ;JsTF. TLEDj tl^o) 0>m&mmmxfoZ o 

^•L-C, ISLED-et*. Z n O*^ 1 (DffilStltt® 1 a±|:f63fel2«$tL> Kf§ 
ftJ^CDMl-li^bfi/^AXX (Indium Tin Oxide ;mTs TiTOj kl^o) fr?> 

10 NiE All. MAum^MI^S$tLf=:lll¥^ti-^3 00 n m(D pffiO®*S4#^j£ 

$t =% Z n omtfL 1 1 b-LI-liT i MRU A u!l#l«»Jf 

i+Sf& 3 0 0 n m(D n WWM 5 *<ff2j& £ tlX o 

xtBfgftJf 21*. JMfcMKI*. nfl£3>££ hJf 6, nfl^^ KM 7, j£14Jl 8 . p 
15 tet^V KM 9. a^pfl^=l>^^ hjf 1 OA«ai**lfc^IlT«i)i£^^tl^. 
-Tfcfr*.. j£t£Jl8li. nfl5*^ Kl7Si;pr^7^ KJf 9lc&i#£*i, nfl2 
<7^y KJS7l*nff2=l>$? H6R^ZnOiffi1 £frLT n fcl]mJI5 C:Jg$5£*U P 
fl^^*;/ KJf 9 lip hI1 0$^-L-CilB^m*l3lc^$*L'C^«So 

S14M8l±.CdOi:ZnOi:^j1S$-&7i:^J¥^2 0 0 nmfl)Cd x Zn 1 -x6(x 
20 14, 02Sx<1T», mfLl-i.0. 1) -??^J?K$HTL^-So 

*f=. nW7vKi7atfp^7fKB9it, yaffil art icwaicfflc 

&&£&^#ifc<& - 1 P>. HtffESttiJf 8 £ y /<> K^-V ^ ^x*;M?*«** < , 
25 MgOiZnOt$SS$tf=MgyZn 1-yO ( y I*. 0 ^ y < 0!l*.l£O. 2) 
**&&y. n^77Hl70)IIIi^2OOOnm, p »^ 5 V Kg 9 ©MJ¥(*&J 6 O 

nfl2=l>$$ H6Xtfp»3^^ Kill 01*. ;ft|C|g|J!&j2 0Onm<7>Zn 

£1% SCVT (Seeded Chemical Vapor Transport) fe^XZ n o¥tSft£ftSL« Z 
n om^S*@S*!l<Oclft^lRllcSE«:Silc*l!imL-CtiffiWfi$SSL. Z n ott«$f^S 
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«*-f*>«SL»*(CAICISS)S6 (APPLIED PHYSICS LETTERS Vol. 72 (1998) p824k 
JR3MNM*lB]«r(CBED)fc (APPLIED PHYSICS LETTERSVo 1. 69 (1996) p337h tmwm 
i$M(SNDM)S (««t^'»7Ki?^ArEmTOt?i14^/WXJ (2000^2 
5 R) pp. 23-30) gs#»&*rCl**#. #g|j&<&MST'I*SNDM (ScanningNonl inear 
Dielectric Microscopy) ^1?Z n oS&roai4£*£lSL."Cl/*<i>o 

SNDMIt ZnO«R1±T?^P-^»tr*M****«6«tt*WftI"*" 

10 -Sf-liglfcH^tt&^o 

o*y. sNDMStlt ZnO«ffii±i::«&£iMn-f3<t. BiJn*tt*« roj ©if 

15 Z tied; y % att«W^«*l=»L,"C+«'= : *^*^""* ,,=3fett '*"** N ' T? Z n O* 

14 (Mali) a o-Ct^ft. 

20 *2flB (a) (b) liZ n 0»S 1 Ojitt«tt*Stflt *ot, (#m). 
IKMIftSftft (a.u. ;ffiftJ!M&) £»LTL*«. 

£t=. i2i^. £fflx#fl*«zno»Ri©atefi***U fcflix' :5iSH*mi££ 

EP Jin L fcfr o fcJ»^<D**»S« L. -C ^ £ o 
25 IJZn 0**5 1 0)ai±®l*ffi^14®-efc y * * 2 'H ( b ) l=«t * 3 l=, «tt«#Mt 

iMB^fctt^-c+flircfcttLfciifcttz n o»«i ©attffii*tt*«teffi-T?fc*fc*JM-r 

±i^©JP < Z n 0»*R 1 (Datt^^JS'l WJ"M <?nho (Electron 
Cyclotron Resonance :ttT, TECRj tW X/<**«MM*JBU ZnOS|1© 
30 ffii&*It£® 1 a-tUlZnOaHRSaWH - *"*. 

^^iteiiaisii^^fcECR^-^gttswL, sia 

attffil aA<±iBt^i:3l:ZnOiSl *«BtS0)Rr3ett«l=*f "r-f ^^L» Zn 
Ol$1 £;SJg3 0 0~8 O 0 o ClzJngRt" -So 
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&&fz>tm^ w?u bn>iimm?z>mmm u. 45gh z ) nwrnm&m 

^■L-C-CD^ */<v*$-y*HcaEJaaME* 15 0W) £EP*DU ^7 

X7^if^$*lfc^7X7^ffl Lt ^f-y ^ h&S (ZnO) £X/^y*'J>^ 
U Sf514X/^^^ "J >^lc<fe y Z n OSJR 1 (D^rSI-Z n ofr&ftS n»a £ W® 

?9U:/4f£frlV» MgyZnl-yO (0^y<1) ^644n»^5f KH7 

BIT, H«l=LTJE(&ttX/<f i*Cd xZn1-xO(0^x<1) 

fr&fc<5;£1±Jl8. MgyZn1-yO (0^y<1) *&Wp^7f K|9, Zn 

*k #wRa>iw»i*sji6B»iB*«i»"r * - ± i=* y Bf«i»w=Me**i«- 
*dUKL-cn««i5*»j*u *i*-e, Kfifl***i=*y p^>^ mi onmm 

lei TOl^ILTlWfffi3fML, H*72fclcJ;y N i . AK A 

^<o&?iz*Bi<Dmmo>mmT*iz* z n o&m. 1 <Dmmm\&m 1 aicznoi^ 

PHANP>>5:'S^J12^J*L-T:fcy. dttl-^y. *B¥»14l=«*tfcZn 

n O 4$ & Zi^lSo 

*LT. z<D«k5»=W»ZnOiR»Bl36<*iil s F»ttl=«*t'Cl^fc«>. $S B H H *uJ^£7> L 
■W MicttSLfcife tSctUX, WWOTME* < SSattfcg^fcSm^ttroS 
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of£|g|©ate£il'<fco 

*ttia>attti*iitH«c=zno*Bia)att**iai-r*^i:^#«. 

(/im), $8t$fil*3SJg (a.u.) fciRU *BlX#lRlJ&<ZnO»«ia>att«**U 
fey, ZnO»gll*a6»att**L-Ct^Zi:A<»A>*. 

(Laser Diode ;iy.Ts Tldj i:^?) ©^^®T®^t?fe-So 

•T^*). SLDlt $ttt^t^ZnOS«1 3©ffif&ai£®1 3a±lC#gftJ11 
Jl^trSKj3 O 0 nm(DpHI9iI1 5 *<ff2j&£*l"Cl*£o 

z n o*is 1 3 ommmtm 1 3 b ±ti*T \ mx-is* u jg^i&aif 

n^7'^KI1 8l*nfi2=i>$£ hlf 1 7MZnOlfii1 3 n ffiUm 

ai et&W&Zti* vKl^v KI 2 2 l±13ii|i|ISI 2 3 Xt; p #3 >^ ^ KJf 2 4£tf 
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201*. UttttJlCli. M g y Z n 1 - y O (ytt\ 0^y<1"e. 0. 
1) frttZ'VJTmtCd xZn 1-xO (x(*. 0^x<1-T% 09*. ML O. 1) 

/,7, yl :i2 2 tamirtttt* 7f KH8» 22 £j£14fg 2 o £©iHa>+IH«>H*rM 

*LT. ZnOft«1 3<D3Mtf£1£iBl 3 a ±|C|*Z n 0*&tt«Mtt 1 500 nm 
n 1 -yO (yf*. 0^y<1t% MfL&O. 2) fre>fc&IliiJS5ft2 0 O 0 n m<D 
^4 0nm<Dn«*V KM 1 9jWW***lW*. 

*LT* n»ytti<( KJf 1 90)*iBI=l*±BM#PHIIBt«>att»l2 0*«OTI**t. 
iStti2 00)i®l:liMgyZn1-yO (yf*, 0^y<1t, ^liO. 2) 
<t*WWS4 0 nm©p»**-f K12 1 MVJft«*U «btf*pl8fc*M' KJ12 1 0* 
WMgyZn1-yO (yl*. 0^y<1t%m«0. 2) »fi(t«im200 
Onm©p*f7f KJi2 2lB«»J***ir^*. 

£ 6>lc. P ^ ? Kg 2 2 ©MH=I*»^*I=©*W»*3W''< < M g y Z n 1 - 
yO (y(*. 0^y<1*e» «7LI<0. 2) fr&«t*W*4 0 O nm©*«ttlM 2 3# 
»»2 3a**-r««fc3lcBr3e»«lc»«**t. Jfcive. P if7'7Ki2 20)SIl:li 

nammm 2 3 £go * 5 i=»f® T*tti= p * mb 2 4 *t»j***tw*. 

■T<IHh*. *"*\ SCVT»*tZnO«Si«tt«U ZnOJMB»*ttM*©o|| 
fctvC. *1 fcH** ECRX/^*W«MIU ffifftttttiBI 3a*< 

±B £: * * * 3 I- z n OSS 1 3 « Jftna>l9r£tt1tl=-k ^f-f^U ZnoSSU 
SS3 00~80 o°cic*ni&^'«S>o 
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<8^®lCZnOfr?>£:<5nff£=J>*? hJf 1 7 &te&tZ>o 
VXTWim\^X. h«R*a*Bra*Sll=ttL<i:*<&il*RJ6ttX^'5'^ , J 

20, p J&Tfctf'f KI2 1. P r^77Kl2 2, WSSEftJUJf 2 3 £IH3fcj$Jgi-r 

^LT. 2 3 &Mm Lfc&s J&flliSfttrZnOSfcl 3$ECR^"^8 

io l s «smmim 2 3 ^m^Mmzmm-f & „ 

;£L-tc:a>gL *ia)Wfta)»»8tra». iffl»fti:*yzno«si 3a>mm^l4 

15 mfiCty p hJp2 4 0>a®l~N U AU Au^JH^WBU-CpfflUm^l 

20 ^-l-c. ^(D&vizmwwmmzmtixi^&tziks ts»tt#*^LT«»A«aE*ifcy. 
^ t *» * < . n=F<j)®mm*,*£ < m&m*&&t fcormmfttta&tffc l d &® 

*Klt*fi«*Ja:<. M(c»W»*Sff 3 ^7X7SSli:«ii 

30 (Thin Film Transistor ;JJJLTs Ttftj £L>5) (D^ii®S-??feo-C. iTFTIi; 
$6^140) Z n 0*«2 5 !ZnO£|{i2 5 JKDBS+*SPI^fi6$^fcliill 5 0 n m<D 
>f-h«l2 6£. hW2 6*«3«kai=ZnOat«2 5±lC»|«*tLfcimff2 

O 0 nm<B>f- hM2 7 ^7*- Hfttft»2 7±I=»«*ttfcKW5 O nmfl)JS14 



WO 03/107428 




PCT/JP03/07055 



5 ?~ h&iiiJi 2 7 . jg1<EJf 28,f^ ^JUftflUi 2 9, V 3 0 F U'f 

f Lt, y-ht^2 6, V— Xmt®3(K RtfKU'f >mtI3 I I*. Ga£ZnO|C 

K-3ff* - 1 J: y issiftib^tLTfc y . Mtmm 2 7 ;&tp^*;u&®@ 2 
10 9I*n i ^znoizK-^-r-s-tic^y^s^b^tt-c^^o 

^•l-c. ±.iet f t ±s&mMBLismzomm<Dmmtmmm. ecr^^'j> 

JBU *"T. Ga£K— ^LfcZnOB- M&Sfc LTJRIfcttX/^* 'J >*£fT 
l\ ZnO»*52 5(Dffi^I1±S2 5a±lCZnOlg (ZnO:Ga) *Y6&-?Z>o 
^-L-C, ^(B^L tZnOS«i2 5fECRX/^$^blSiytiJU ^HUv^ 
20 h^ififEZ nOjg|_hlc^frLfc&. H*pa>^* HJ V^7-7-f-&fl5U:«fcy h!8i£ 
,^_XbU NaOHJtCt'CDT^yMl-^y^^^^^®^^ 1 - ^~ 

ZnO*tti2 5±IC>f-hm41*m5<fc ; 5I^Ury-h$6^2 7*ff^L, ^"C% ^ 
TZnOl (ZnO: 

N ii) &tef$.Ltz'&. ±&tmm. iZnOll:7t H/i;Xh«lfc^ 
30 'J V^^-ftffiKcfc y hffil£/^->tf:U KDtN a OHttilOTfr* *m 

ffiz £ y x v * > <f *£iS£*iS U ft *;u«mJl 2 9 £fl5fi£-T * 
-?-L-r C0>m. G a £ K-7"LfcZn 0^-^^ H^fti: L-C&J£14X/^* 'J >^ 
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Z<D*5l=**3©*«l©^T?l*.TFT^ZnO»(D^JittW«**t"C^*a>'C. 
5 flt*CD<fc5l=att»3& < T^-7rX»>«j3> (a-S i) -C»«*tlW* 

A"y^«3. 3 aVtWa*l=»LT?8att**-r*ZnO»Dt-C»«**t-Ct^a)-C. 

L*^ *TFT 1 ©*«©«*»•<?* Lfc L E D©±»I=-{*W 

l=1WW * C 1= «fc 9 • #W«*^©A»********: 9 XI*«W1^6a>«* 

^7X7 (i cp) ^'javaMtta^*"* (hwp) -r 

v^y^ftfii^www**** WAtf^iw^ (mb e) 

mffi (MOCVD) ft* U-1«HHiXt£$*^ (U— tfMBE) fc, XI* U— *7?U 
20 — S/g>as*t«fflUTZnOjRSMH*»Jft"*"**3l=L"C*J:^. 

*f§E#£l** ECRX/^f^^lMLs ZnOWS0>ffi»«ttiBI=ZnO»BI* 

mu *16«©Stt*ttStt«U *fc. ZnoSS©ili8ttIl:Zn o«i$Ml. 

25 «t>*. ^X74iafcia«i:B»4hfcECR^^?*w*«iu 

^■LTs L"C 2 Osccm ©Ar Rf£#*.i: L"C 1 O seem © O 2 £ 

nzi 5ow©jftjBawi#*waiu y>**w*fTtv zno«}£±© 

;*ic, id\ ZnO»fflt©«iB»«*Bi™BI«MlT?ll*Lfc. 

^7@liH»J©z nOii^L, £8Bl*tt«HH-cfc*z noaMfi©iteR«teiH± 



WO 03/107428 




PCT/JP03/07055 



. ctLics* l -c^ 7 sic^-r j: 5 «ft««> z n o»iKa>*ii»tti* s F»fcT- 5 x t mm. 

10 -^OSiSm, ttt«5!fl!)ZnO»Btl*e*TOiBft*RMSA<2 0. 4 n m7?fcofc<DlC*f 
U »](DZnOilltSf¥«^RMS/l<1. 4nm-Cfey, Z n OSffi-Cfcfcffi 

&*ite®-tic z n o»a*»«-r *> c t ic j: y . m^ntt®-ti^ z n o»w*#ja l*:* 

^(D^s m^F-ro^UJtteJiWJ^teZ em2/V - sec T'&ofcCDClM L. ^lil* 
3 0cm2/V-sec t«i^#<, Lfc*<o-CH«l«l*it^«lllCtb^T@Sittl^« 

25 
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